in biological niches that behaves like an omnivore and consumes a variety of food ranging from small mammals, birds, herpetofauna, and invertebrates to plant material. Some populations of small Indian mongoose are largely insectivorous, others may largely consume fruits for part of the year (Seaman and Randall, 1962) , while the gray mongoose is an opportunistic hunter; its common food items are mice, rats, lizards, snakes, beetles, ground birds and their eggs, and parts of plants, i.e. fruits, berries, and roots. In India, it is reported to feed on the eggs and chicks of the red jungle fowl, peafowl, partridges, snakes, and small mammals and it is also found searching for food under stones on the beach side in Hawaii (Santiapillai, et al., 2000; Postanowicz, 2002) . The gray mongoose has an elongated skull and special teeth for hunting grasshoppers, scorpions, centipedes, frogs, crabs, and fish. Their protruded and pointed canines help them to clamp onto a snake's head. Moreover, their molars with pointed cusps help in crushing insects (Whitfield, 1978) .
In the current study we investigated the relative distribution of two sympatric mongoose species inhabiting the Pothwar Plateau relative to three different human activity areas (low, medium, and high activity), quantifying the niche breadth of each mongoose species and the level of niche overlap between the two species. The study tested the hypothesis that human activity level shapes reciprocal distribution and niche separation of the two sympatric mongoose species on the Pothwar Plateau.
Materials and methods

Study area
The Pothwar Plateau is located between lat 32. 5°N and 34.0°N and long 72°E and 74°E (Figure 1) . Geographically, it is bounded to the east by the Jhelum River, to the west by the Indus River, to the north by the Kala Chitta Range and Margalla Hills, and to the south by the Salt Range. The Pothwar Plateau is located in the agroecological zone-V (PARC, 1980) . It comprises four districts: Rawalpindi, Attock, Chakwal, and Jhelum, including some areas of Islamabad (Ahmed, 1991; Chaudhry and Rasul, 2004) with a total area of 2.2 million hectares (Bhutta, 1999) . The chief crops cultivated in the study area include wheat, groundnut, barley, sorghum, legumes, onion, melons, and tobacco. The climate is semiarid to humid. Mean maximum temperature in summer is around 45 °C and below freezing point during winter. According to 1998 District Census report, 74,64,763 people were residing in the area and there is still a tremendous increase in population. The urbanity level is about 40%. Although a great deal of inhabitants are still agrarian, many people are moving into industry and mining. Agricultural practices are dependent on rainfall and annual rainfall ranges between 250 mm and 500 mm (Govt. Punjab, 2000) .
Distribution surveys
To investigate the effect of human activity levels on the distribution of two mongoose species (the small Indian mongoose and the gray mongoose), reconnaissance surveys were conducted from October 2011 to June 2013 throughout the human inhabited areas (high human activity), cultivated areas (medium human activity), and natural areas (low human activity) of the four districts on the Pothwar Plateau. The major crops being cultivated in the study area included wheat and groundnuts, favorite for rodents' pests, which, in turn, may act as prey species for mongooses. The natural or wild area had a subtropical scrub ecosystem.
The accessible roads were travelled on a motor vehicle at low speed (10-25 km/h) as described by Kochart (1986) and Milsap and LeFranc (1988) . On these transects random stopovers were made at 5-, 10-, and 15-km intervals or on direct sighting of any of the mongoose species. At the stopover sites, an area of about 500 m 2 was searched for active burrows of mongoose species by locating their footprints and presence of their fecal pellets near or around the burrows as described by Richardson et al. (1987) .
The populations of the two mongoose species were estimated by using the indirect enumeration method of active burrows count following Southwood (1966) and Begon (1979) , considering the fact that one active burrow was being used by only one mongoose.
Diet composition: fecal pellet analysis
Fecal samples of the two mongoose species were collected periodically from the twelve selected sampling sites on the Pothwar Plateau. These samples were identified in the field on the basis of their shape, size, and smell. The fecal samples were collected in self-sealing plastic bags and labelled with species name, location, season, date, and month. All samples were stored at room temperature after drying in oven or in the sunlight until the final analysis. Insects were collected and rodent species were trapped (for obtaining their hair samples) from sampling sites for reference. Prey remains were also collected from the active burrows sites of the two mongoose species to be used as reference material. Physical parameters of the fecal samples, i.e. length, diameter, and weight, were recorded in the laboratory before further analysis. The collected samples were analyzed following slightly modified procedures described by Schemnitz (1980) , Siddiqui et al. (2004) , and Dawson et al. (2007) .
Preparation of whole mount and hair cast
Hair recovered from the analysis of fecal samples was washed in carbon tetrachloride for 15-20 min. A drop of Distrene Plasticizer Xylene (DPX) was poured on a clean glass slide; a single hair was placed on it and it was covered by a cover slip. The medullary patterns of the hair were observed under the microscope.
The scale patterns of the recovered hair were studied by making casts of them in glycerin jelly. The hair was cleaned in carbon tetrachloride (CCl 4 ) and dried. Two to three drops of glycerin jelly solution were spread over a clean slide. Before the medium became gel a cleaned hair was placed in vertical position with respect to the long axis of the slide by keeping one end of the hair projecting over the edge of the slide for easy grasping and pulling it out. The slide was allowed to set for 1.5 h. When the medium became fairly solid, the hair was pulled up using forceps with a fast jerk to prevent the hair from sticking to the solution. The cast that appeared under the microscope was almost an exact duplicate of the scales of the hair (Lavoie, 1971) . Photomicrographs of the prepared hair slides of rodent species were taken to study their medulla and scale patterns using a microscopic camera having maximum resolution of 640 × 480 pixels (DEC-2 Gentaur).
Seasonal variation in diet
Seasonal variation in the diet composition of the two mongoose species was investigated by pooling the fecal samples collected into four different seasons: fall, winter, spring, and summer. The prey species richness (S), diversity index (H'), and evenness index (E) were calculated from the results of the seasonal variation using the following formulae:
Prey Species Richness (S) = total number of animal prey and plant species consumed by a mongoose species in a specific season Diversity Index (H') = -[p i × log p i ] (where p i = prey index)
Evenness Index (E) = H'/log S A comparative account of overall food, seasonal food, and food overlap of the two species was made. Niche breadth was estimated by measuring Levin's index (B) and Levin's standardized niche breadth (B A ) as described by Krebs (1999) : B = 1/Σj 2 , where pi is the proportion of record in each food item i B A = B -1 / n -1, where n is the number of total food categories.
Feeding niche overlap between the two mongoose species for each season was measured by using Pianka's index (1973) :
O jk stands for Pianka's measure of niche overlap between species j (SIM) and k (GM), p ij and p ik are the proportion of food category (i recorded in the fecal samples of species j and k respectively), and n is the total number of food categories.
Statistical analysis
Data on distribution of the two mongoose species in the study area were analyzed using analysis of variance (ANOVA) table of the linear model fitted in R-software. The data regarding population estimates of the two mongoose species were analyzed using the linear mixed effect model in R-software, putting minimum numbers alive (MNA) and animal burrow (AB) counts as response variables while explanatory variables having fixed effect included species, district, months, years, human, speciesdistrict, species-year, species-human, and species-month. Similarly, random effect was studied in relation to sites.
Results
3.1. Distribution of the two mongoose species with respect to human activity During our survey of the Pothwar Plateau, 250 out of the total 321 sites were positive for mongoose occurrence, where the small Indian mongoose and the gray mongoose were recorded at different as well as common sites. The occurrence of the small Indian mongoose was high in areas having high human activity level, while the gray mongoose was more distributed in low human activity areas. In medium human activity areas, 95% of sites surveyed showed occurrence of both species (Table 1; Figure 1B ).
ANOVA showed a highly significant difference in the distribution of mongoose species at 0.001 level of significance (F = 284.6363, df = 2, P < 2.2e-16 ***) in relation to human activity (Table 2) . Similarly, distribution of the two mongoose species also differed significantly in different districts of the Pothwar Plateau (Table 2) . 3.1.1. Mongoose populations and human activity A higher population density of the small Indian mongoose was recorded at four sites having high human activity than the gray mongoose (Table 3) . At four other sites of low human activity level, density of the gray mongoose was high. At medium human activity sites, both mongoose species showed intermediate population density (Table  2) . ANOVA showed a significant difference at <0.001 level relative to different human activity levels (F = 124.604, df = 2, P < 2.2e-16 ***) in the populations of the two mongoose species at different levels of human activity by active burrows count (Table 2) . 3.2. Diet composition 3.2.1. Physical characteristics of fecal samples Physical characteristics, i.e. length, diameter, and mass, of the scat samples of both mongoose species (SIM = 246 and GM = 235) were measured in the laboratory before the final analysis. Average length, mass, and diameter of fecal samples of the gray mongoose were greater than those of the small Indian mongoose (Figure 2 ). ANOVA showed a significant difference in scat length between the two species (f = 3168.39, df = 1, P < 2e-16) at 0.001 level of significance. Fecal diameter of the two species also showed a significant difference (f = 6586, df = 1, P < 2e-16) at 0.001 level of significance, and also the average mass of fecal samples of the two species was significantly different (f = 4237.53, df = 1, P < 2e-16) at 0.001 level of significance.
Diet of the two mongoose species
Analysis of fecal samples of the small Indian mongoose showed insect body remains at the highest frequency, followed by mammalian hair, plant matter (including seeds), bird feathers, and vertebrate bones (Table 4) . Average percent volume (%V) composition of scats showed insects being consumed at the highest proportion, followed by plant matter and seeds, and vertebrate bones, while birds were consumed in less proportion and mammalian hair was recovered at the lowest percentage (Table 4) . Fecal analysis of the gray mongoose also showed the highest percent frequency (% F) of insect body remains, followed by mammalian hair, vertebrate bones, bird feathers, and plant matter including seeds (Table 4) . Percent volume consumption (%V) of recovered food items revealed the highest percentage of vertebrate bones, followed by insects, plant matter including seeds, and mammalian hair, while bird feathers were recovered in the least proportion (Table 4) .
Results of diet composition of the two mongoose species compared using ANOVA showed a significant difference in %V of occurrence of mammalian hair (f = 17.596, df = 1, P = 2.26e-05), bones (f = 18.233, df = 1, P = 2.36 e-05), and insects (f = 27.618, df = 1, p = 2.24 e-07) at 0.001 level of significance, whereas no significance difference was found in the %V of occurrence of feathers and plant matter of the two mongoose species.
Rodent prey species in mongoose diet
Approximately, 67% of the fecal samples of the small Indian mongoose analyzed showed the presence of mammalian hair (Table 5) . Light microscopic sections of whole mounts of recovered hair were found matched with reference hair slides of three different rodent species ( Figures 3 and 4) occurring in the study area: Rattus rattus, Nesokia indica, and Mus musculus. Percent frequency (% F) of occurrence of hair in the scats of the small Indian mongoose included Rattus rattus = 42%, Mus musculus = 39%, and Nesokia indica = 19% (Table 5) . On the other hand, approximately 83% of fecal samples of the gray mongoose (Table 5) showed the presence of hair; the five prey species identified from the light microscopic slides of the whole mounts of the recovered hair were Rattus rattus (11%), Mus musculus (5%), Nesokia indica (27%), Tetera indica (31%), and Golenda ellioti (26%).
Seasonal variation in consumption of rodent species
Three different rodent species were consumed by the small Indian mongoose in the study area. During spring, the most frequently consumed rodent species was Rattus rattus, while the least consumed was Nesokia indica (Table  5) . A similar pattern persisted for summer and fall with Table 5 . Percent frequency (%F) of occurrence of mammalian species and insect orders (prey species) identified from the hair samples recovered from fecal samples of the small Indian mongoose (SIM) and the gray mongoose (GM) on the Pothwar Plateau. Insect order (n = 53) (n = 52) (n = 58) (n = 56) (n = 59) (n = 49) (n = 43) (n = 42) (n = 213) (n = 199) little variation. However, during winter, Mus musculus was predominantly consumed (45%). The gray mongoose consumed five different rodent species in the study area. Tetra indica was consumed most heavily during all four seasons, followed by Golenda ellioti in spring and summer. However, during fall and winter Nesokia indica was the second most frequently consumed rodent species while Mus musculus was the least consumed rodent species in all seasons (Table 5) .
Statistical analysis showed a significant difference in the occurrence of vertebrate bones (P = 2.36e-05 ***) in the fecal samples of the two mongoose species in the study area (Table 2) .
Insects in mongoose diet
Insects were consumed more heavily in the diet by the small Indian mongoose compared to the gray mongoose. The percent frequency of occurrence of insect orders identified from fecal analysis of the small Indian mongoose, in their consumption order, included Hymenoptera (ants, wasp, and bees), Orthoptera (grasshoppers), Coleoptera (beetles), Blattoda (cockroaches), and Odonata (dragonflies). On the other hand, for the gray mongoose, the percent frequency of occurrence of insects in preference order (Table 5) included Orthoptera (grasshoppers), Hymenoptera (ants, wasp, and bees), Coleoptera (beetles), Odonata (dragonflies), and Blattoda (cockroaches) ( Table  5) . Statistical analysis showed a significant difference in the occurrence of insects (P = 2.24e-07 ***) in the fecal samples of the two mongoose species in the study area (Table 2) . 3.2.6. Seasonal variation in consumption of insects Both mongoose species consumed five different insect orders in varying percentages during different seasons.
The small Indian mongoose most frequently consumed Hymenoptera (ants, wasps, and bees) during spring (41%), followed by summer and fall (33% each) but least (21%) during winter.
On the other hand, the gray mongoose most frequently preyed upon Orthoptera (grasshoppers) and Hymenoptera (ants, wasps, and bees) during spring, summer, and fall but also included Coleoptera (beetles) during winter (Table 5) .
Prey species richness (S), diversity (H'), and evenness (E) indices
For the small Indian mongoose, the prey species richness was highest in summer and lowest in fall (Figure 5 ), the diversity index was highest in summer and lowest in winter, and the evenness index was maximum during fall and lowest during winter. Similarly, for the gray mongoose, prey species richness was highest in summer and lowest in fall, the diversity index was highest in spring and lowest in winter, and the evenness index was highest in fall and lowest in winter (Figure 6 ).
On the whole, the prey species richness, diversity, and evenness indices were higher for the small Indian mongoose in comparison with the gray mongoose in the study area. Student's paired t-test showed significant differences in prey species richness (df = 3, t = 3.18, P = 0.03) and diversity index (df = 3, t = 3.18, P = 0.003) between SIM and GM. However, the evenness index between SIM and GM showed a nonsignificant difference (df = 3, t = 0.384, P = 0.76).
Food niche breadth and food niche overlap
The gray mongoose had a broader (7.4) niche breadth (B A ) as compared to the sympatric small Indian mongoose (6.9) in the study area (Figure 7 ). Student's paired t-test revealed a significant difference in niche breadth between the Figure 5 . Prey species richness (S), diversity index (H'), and evenness index (E) of the prey species of the small Indian mongoose (Herpestes javanicus) on the Pothwar Plateau during the current study period. sympatric small Indian mongoose and the gray mongoose (df = 3, t = 3.18, P = 0.01) on the Pothwar Plateau. A high niche overlap (0.95) was found between the two mongoose species estimated by Pianka's index. The highest niche overlap between the two mongoose species occurred in winter and the lowest in spring (Figure 8 ).
Discussion
Coexistence of sympatric carnivore species is possible through niche differentiation (Pianka, 1974) . Food utilization is a crucial aspect in the study of carnivore ecology, and therefore knowledge about food selection is critical to understand strategies of life history and in formulating sound conservation recommendations (Miquelle et al., 1996) . The coexistence is thought to be the result of size variations between predators and their hunting strategies involve selecting different sets of prey species (Rosenberg, 1966) and the competition can be reduced when predators occupy different habitats or use the same area at different times (Schaller, 1972) . Distribution of a species in an area depends upon a number of biotic and abiotic factors: vegetation, power of animal dispersions, climate and weather, resources, competition, and habitat quality. These factors affect the distribution pattern and also limit the distribution of animals in a region or country. Distribution of species on land has also been limited by a number of other barriers: deserts, mountains, and rivers (Sclater and Philips, 1899) . The results of the current study show that the two mongoose species (the small Indian mongoose and the gray mongoose) are widely distributed on the Pothwar Plateau. The results of the current study support the hypothesis that the habitat used by the two mongoose species was influenced by the level of human activity. These findings expand our understanding of the dynamics of flexible habitat used by the two carnivores species in human high activity areas (human dwellings), medium activity areas (cultivated fields), and low activity areas (natural areas). However, no effect of elevation (above sea level) on distribution of the two mongoose species has been indicated, although Roberts (1997) reported about the gray mongoose that it does not penetrate into the Murree foothills. The minimum and maximum elevation where the two species have been found distributed range from 203 and 874 m on the Pothwar Plateau. We found the two mongoose species distributed throughout four districts of the Pothwar Plateau. The small Indian mongoose was more widely distributed in three districts (Chakwal, Rawalpindi, and Attock) while in Jhelum district the gray mongoose showed wider distribution. This distribution of the two mongoose species was found to be influenced by human activity levels. The small Indian mongoose was more widely distributed near or within human habitation (high human activity areas) and less in the natural areas (low human activity areas). On the other hand, the gray mongoose was more distributed in natural areas and less in human inhabited areas. Both species were almost equally distributed within medium human activity areas, indicating that both mongoose species overlap in their distribution in the areas where there is medium level human activity. Such areas contained agricultural fields, and some poultry farms near human settlements. Obviously both mongoose species should be experiencing more interspecific competition for prey species for coexistence in such habitat. Roberts (1997) and Mahmood et al. (2011) reported occurrence of the small Indian mongoose near human habitation, around poultry farms and in cultivated lands.
The population density of the small Indian mongoose was high in high human activity areas but low for the gray mongoose. In low human activity areas, the gray mongoose was found at high density. These findings indicate that the small Indian mongoose is more adapted to human dwellings while the gray mongoose avoids such areas and prefers natural areas. Such findings are also consistent with previous published literature such as by Roberts (1997) , Santiapillai et al. (2000) , and Francis (2008) . Quinn and Whisson (2005) estimated higher population density of the small Indian mongoose (0.57 mongoose per ha) in the high human activity area of Palo Colorado and low population density (0.19 mongoose per ha) in the low human activity area of Tradewinds. In the current study, it has also been indicated that the two sympatric mongoose species may occupy the same habitat where sufficient resources are available to meet the livelihood requirements of both. The small Indian mongoose's adaptation to human vicinity is probably due to more occurrence of their prey: small rodents (Rattus rattus and Mus musculus). Elevation does not seem to affect the distribution of the two mongoose species, as the distribution range of both species was 200 m to 850 m throughout the Pothwar Plateau.
Food is the essential resource for animals and its categorization among species is important for analyzing interactions between coexisting species (Taper and Marquet, 1996) . Food partitioning can change with alteration in prey abundance in different geographic sites (Clode and Macdonald, 1995) . In addition to having similar diets, animal species may occupy niches that overlap in terms of spatial resources (Johnson et al., 1996) . In the current study, physical characteristics (length, breadth, and mass) of the fecal samples of the small Indian mongoose and the gray mongoose were different; the gray mongoose's feces were greater in size and diameter and heavier than those of the small Indian mongoose. Fecal analysis revealed that the main food components of both mongoose species were insects and small mammals (rodents). A few earlier published studies on the diet of the small Indian mongoose by Roberts (1997) , Siddiqui et al. (2004) , and Mahmood et al. (2011) confirm these dietary components; similar food components were reported by Roberts (1997) in the diet of the gray mongoose. The recovery of more frequent mammalian hair in fecal samples indicates that both mongoose species consume more small mammals (rodents) during fall but less in winter. The small Indian mongoose consumed three rodent species while the gray mongoose utilized five species, with three rodent species being common. Recovery of feathers from feces showed higher consumption of birds during winter and less during spring for both mongoose species. The consumption of insects by the small Indian mongoose was high during summer for the orders Hymenoptera, Orthoptera, Coleoptera, and Blattoda. For the gray mongoose, consumption of the orders Hymenoptera, Orthoptera, and Coleoptera was higher in summer. A couple of previous studies from other parts of the country had reported similar findings; for example, Rana et al. (2005) reported that in Faisalabad (Pakistan) region the small Indian mongoose consumed at least 9 rodent species. Siddiqui et al. (2004) reported higher consumption of birds during winter by the small Indian mongoose, while it was low in spring. These results are obvious and quite logical since insects could be more available during summer in the study area.
Consumption of plant matter including seeds by the small Indian mongoose was also high during spring and by the gray mongoose during winter, which is supported by an earlier study by Siddiqui et al. (2004) .
The results of the current study establish the fact here that the small Indian mongoose consumes more insects and less small mammals while the gray mongoose species feeds less on insects but more on small mammals and birds. Siddiqui et al. (2004) reported that mongooses feed upon two major groups of crop pests, i.e. rodents and insects, and so both mongoose species in this regard play an essential ecological role in the biological control of rodents and insects. Hence the two mongoose species are the farmer's friend.
Prey species richness for both mongoose species showed variation within the seasons and was high during summer but low during fall. Similarly, the diversity index was high during summer for the small Indian mongoose but for the gray mongoose it was high during fall. A low value of diversity index for both mongoose species was recorded during winter. The evenness index of prey species also varied and was high during fall for both mongoose species, showing that prey species were not evenly distributed in the study area during different seasons. It was also noted that overall prey species richness, diversity index, and evenness index values were high for the gray mongoose as compared to the small Indian mongoose. These higher values of different indices indicated that the gray mongoose on the Pothwar Plateau has more choice of food during different seasons as compared to the small Indian mongoose.
Food niche breadth (Levin's index and standardized Levin's index) for both mongoose species was high during summer but low during winter, indicating that greater numbers of prey species are available during summer. Food niche was significantly broader for the gray mongoose compared to the small Indian mongoose, indicating a greater variety of prey in the dietary menu of the gray mongoose. Food niche overlap was high during winter and low during spring; this fact indicates more competition for prey species during winter. Overall food niche overlap between the two mongoose species was high (0.95) and such a high food niche overlap shows that the small Indian mongoose in its native range lives in sympatric relation to the gray mongoose by partitioning the resources of occupied habitats.
In conclusion, the distributions and populations of the two mongoose species on the Pothwar Plateau, part of their native range in Asia, was influenced by human activity level; the small Indian mongoose was more adapted to human inhabited areas (high human activity) while the gray mongoose was well adapted to natural areas (low human activity). The diet of both mongoose species includes insects, rodents, birds, and some plant material. However, the gray mongoose has a wider food niche breadth as compared to the small Indian mongoose, while a high food niche overlap occurs between the two mongoose species in the study area.
